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ronmental monitoring, starting with the
central Department of Environment (now
the Department of Environment and
Forests) in 1980, and led to state-level
environment departments and pollution
control boards.
Tighter standards have prompted
many industries to install pollution reduc-
tion facilities, but enforcement lags
behind. "As in many other countries, the
enthusiasm for enactment of legislation
and enforcement are vastly different,"
notes Philip E. Schambra, director of the
Fogarty Center and formerly science
attache in the U.S. Embassy in New Delhi.
A huge backlog of litigation in India's
courts blunts the legal instrument's effec-
tiveness. Just over one-fourth ofthe 5,600
cases filed under the air and water acts by
early 1993 had been adjudicated by mid-
1994, according to Robert Repetto of the
World Resources Institute (WRI), in his
1994 study entitled The Second India
Revisited: Population, Poverty, andEnviron-
mentalStress Over Two Decades.
Aside from institutional capacity for
enforcement, there is the question ofpolit-
ical will. The problem ofmanaging chemi-
cal industries "is a problem for developing
countries," observes Schambra, "where you
have efforts to industrialize with foreign
and domestic investment, but little infra-
structure" like that of more industrialized
countries, which put a premium on con-
trol of effluents and protection of human
health. "Instead, the emphasis is on eco-
nomic growth, and less effort is devoted to
pollution control," he said.
While many point to the Union
Carbide accident to make the case against
careless foreign technologies and interests,
studies suggest that the risks are greater for
outdated technologies in domestic indus-
tries that grew under India's policy of
import substitution from the 1950s
through the 1970s.
Water
Behind the headlines commanded by
Bhopal loom more widespread and basic
health problems. The most serious envi-
ronmental health problems in India relate
to water, which Ramachandran summa-
rizes as "too much water, too litde water,
and too bad water," often occurring in the
same area over time.
"India lives and dies on the amount of
monsoon rain," says Schambra. In daily
weather reports, the progress ofthe season-
al monsoon is mapped "like an advancing
battle line," so important is it to people's
lives.
In the last 40 years, efforts to boost
agricultural production through irrigation
projects have created an
intricate system of sur-
face canals and tube-
wells. Even so, Indian
farmers cultivate just j





millions of hectares of
farmland, andhas caused
water tables to fall,
according to Repetto.
Such schemes have also
created increased breed-
ing sites for vectors and Victims of industry. 1
parasites of diseases irritation, and shortn
such as dengue and Union Carbide pestici
malaria.
Falling groundwater levels are particu-
larly critical in arid portions ofIndia, such
as Rajasthan, where water tables over
broad areas have dropped by more than 5
meters, and in some places more than 10
meters, according to Marcus Moench,
senior staff scientist with the Natural
History Institute in San Francisco. In parts
ofGujarat, pressurized aquifers have fallen
"as much as 500 feet in some locations
since the 1950s," he says. According to
Moench, overpumping of water under
cities is a hazard of rapid urban growth,
and sustainable groundwater management
and groundwater quality are likely to
become major issues in the near future.
Intense public campaigns against the
critical problem of scarce potable water
have made impressive progress. According
to the World Health Organization
(WHO), access to potable water increased
between 1980 and 1991 from 77% to
87% in cities and more dramatically from
31% to 84% in rural areas. Yet the goal of
an adequate supply remains elusive with
rapid population growth, particularly in
rhousands of Indians were stricken with nausea, eye
less of breath when poisonous gas leaked from the
idefactory in Bhopal in 1984.
cities like Madras, where authorities have
had to limit hours of water availability.
Water treatment facilities have sprouted up
but distribution quickly falls behind need
due to uncontrolled urban expansion.
Some facilities can provide only a small
fraction of the water supply needed for
their area, according to Ramachandran.
The difficulties in improving water
quality are evident in the failure of efforts
to clean up the Ganges, the northern river
considered holy by Hindus. "The condi-
tions of the river at Kanpur are a disaster,
there is no question about it," India's for-
mer Environment Minister, Kamal Nath,
admitted to the New York Times in
October 1994, almost 10 years after the
government launched a campaign to clean
up the river. The river feeds farmland irri-
gation and industry across its 2,400 km
course. This includes 175 leather tanneries
at Kanpur, a city of 2 million located
roughly halfway between Delhi and
Varanasi. Drinking water at pumps in
Kanpur emerges green from high chrome
content. At points, the river's colliform
bacteria count registered nearly 20 times
India's permissible limit,
according to the Times.
_; Irrigation schemes have
slowed the river's course
and reduced its ability to
cleanse itself, and marine
Bursting at the seams. India's cities are
overwhelmed by people, pollution, and
poverty.
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Sacred and pollubtd. Failed efforts to clean upthe Gar
are typical of India's waterwoes.
life has dropped sharply. State-level politi-
cians have shown little commitment to the
national plan, which has languished amid
charges of lack of accountability, corrupt
contracting, and poorpublic education.
An outbreak ofwhat was reported to be
pneumonic plague erupted in Surat, a town
outside Bombay, in October 1994. Intense
media attention from the international
press fueled a proposal for water reform.
"Plague has acted as a spotlight on the
appalling sanitary conditions in which peo-
ple live in India," observed T. Jacob John,
a virologist at the Christian Medical
College in the city ofVellore. In a com-
mentary in the October 1994 issue of The
Lancet, John criticized local and city gov-
ernments for not shouldering their respon-
sibilities for sanitation services and accused
public health agencies ofnot providing the
public with "timely, truthful, and authori-
tative information" about the disease and
public risks. In April 1995, India's Health
Ministry put forth a national program to
improve urban waste water management
and solidwaste treatment.
In contrast to the strides made in water
supply, sanitation has stubbornly lagged
behind. Of the 3,000 cities in India with
more than 100,000 people, only 200 have
basic sewage treatment facilities. Rural sani-
tation remains almost nonexistent, and
barely one-half of urban populations had
access to adequate sanitation in 1991,
according to WHO. Various reasons are
given for this record. While some likeJohn
cite a failure ofwill by local gov-
ernments, those like Schambra
maintain "it's a matter of run-
ning just to keep up with the
urban population explosion, as
people burden the city environ-
ment with more waste and
sewage." Others point to the
intractable caste system and its
assignment of waste removal
chores to lower castes as a part of
the problem.
Migration to cities has out-
paced economic and industrial
growth, causing a steep rise in
numbers of urban poor. Nearly
one-third ofthe people in India's
largest 23 cities live in squatter
settlements on sites that are
flood-prone or vulnerable to
industrial pollution, according to
the WRI study. The crowded
conditions are ideal for the
spread of communicable dis-
eases. The most critical of these
nges River include tuberculosis, leprosy,
cholera, shigellosis, polio, and
parasitic diseases, according to
Ramachandran. Diarrhea claims up to
300,000 children's lives each year; WHO
estimates that water-related and sanitary
problems cause 75% of all illnesses and
80% ofchild mortality.
Intensive immunization programs have
made good progress against diseases such as
polio. Despite continuing problems, life
expectancies in India have risen over the
past two decades, and the WRI study notes
"signs that India is entering the 'epidemio-
logical transition,"' a change in disease pat-
tern from infectious to chronic/degenera-
tive, due to improved child nutrition,
immunization, and improved access to pri-
mary health care.
Occupational Hazards
Against these broad improvements, workers
in many sectors face sharply defined haz-
ards due to obsolete technology and lax
pollution controls. The country's miners
and ceramics workers show high rates of
silicosis. More than halfofpesticide factory
workers exhibit symptoms of poisoning,
according to one study. A primary offender
is the tanning industry, which relies on
outdated traditional processes and many
small firms. Tannery workers face serious
dangers from toxic sulphides, chlorine
dioxide, lime, and hydrogen sulphide, and
suffer high rates of tuberculosis and other
respiratory ailments.
Women and the poor are the most
exposed to occupational hazards because
they are often forced into the most danger-
ous and unhealthy occupations (see side-
bar). These sectoral risks reinforce the need
for government policy to balance economic
growth with a concern for workers' healthy
environment, says Ramachandran.
Air Pollution
Like nearly all other industrializing coun-
tries, India has experienced hazardous levels
of air pollution in its cities. Before the
Bhopal accident, the Taj Mahal focused
attention on pollution concerns when stud-
ies found that industrial emissions were
causing the monument's marble to deterio-
rate. Public outcry forced the closure of
several nearbyfoundries and refineries.
Still, little has slowed the pollution
caused by the country's reliance on its
extensive coal reserves and the tremendous
rise in vehicular traffic. India's coal contains
high concentrations of ash, which intro-
duces heavy particulate matter and sulfur
into the atmosphere and causes acid rain. In
the past two decades, the number ofvehi-
cles on India's roads has increased 10-fold,
and all ofthem useleadedgasoline.
Heavy use of fuel wood, mainly for
cooking, contributes to the high levels of
airborne particulate matter and has deplet-
ed forest cover around most Indian cities.
The Hindu custom of cremating the dead
using wood exacerbates this situation.
Women and children are especially vulner-
able to heavy concentrations of smoke in
unventilated cooking areas from both wood
and dung used as fuel; the WRI study cites
smoke concentrations of 25,000 micro-
grams per cubic meter in Ahmedabad
households. Besides chronic eye irritation,
more serious consequences include bron-
chitis and respiratory infections. For young
children suffering from malnutrition, these
problems are magnified by urban crowding
and poorsanitation.
For people in India, these immediate
health risks are more urgent than the con-
sequences ofglobal warming, according to
Anil Agarwal, founder of the Center for
Science and Environment in New Delhi
and a prominent environmental journalist.
The effect of global warming on health
"isn't a major concern," says Agarwal,
although it could have important implica-
tions if it were to affect monsoon patterns
and, therefore, nutrition. But at this stage,
global warming models cannot determine
these monsoon effects, or reliably predict
regional patterns.
In the Countryside
Despite the swift increase in urban pollu-
tion and crowding, Indians still have better
chances for employment, higher per capita
incomes, and better access to health ser-
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The Plight of India's Women Workers
omen are part and parcel ofthe labor force ofthe most menial and other gases as fuel. These women suffer from respiratory diseases
and often dangerous occupations in India. As such, theyare at andlungcancers, musculoskeletalandjointdiseases (fromsqattingfor
ahigh riskofdevelopingvarious occupational andenvironmental dis- 10- to 12-hourperiods), gynecologicalproblems, ear, nose, andthroat
eases. Higher mortality and lower life expectancyhave been observed ailments,finiga infections, andallergiccontactdermatitis.
among Indian women in many different occupations. According to Construction industry. According to the 1993 census, 6.5 mil-
the 1991 census ofIndia, out ofthe total population of lion people are employed in construction, 15% ofwhich
838.6 million, 403.4 million were women. are womenwho areemployedmostly as unskilled laborers
Approximately 23% ofwomen work outside the home. to carry concrete and bricks. Due to lower levels ofmech-
Ofthese, 34.6% work in cultivation, 44.2% in agricul- anization in India, such workers endure great physical
tural labour, 5.9% in household industries, and 15.3% stress induding numbness ofhands and fingers and back
inotherprofessions. Accordingto the Indian Ministryof injuries. These workers also suffer from hearing loss,
Labor, in 1994 about 497,000 women worked in facto- intestinal problems, respiratorydiseases, andskinallergies.
ries, 56,000 worked in mines, and 558,000 worked in As a result ofthe heavy labor, women are prone to men-
plantation industries. Some ofthe occupational hazards strual disorders, spontaneous miscarriage, and there is a
women face in major Indian industries are described high rateofinfantmortalityamongtheirchildren.
below-. Agriculture. Agriculture is the major occupation of
Matchbox and firework industry. This industry, India. Women perform jobs such as tilling, weeding,
which is concentrated around the southern Indian town transplantng, harvesting, threshing, storing grain, tending
of Sivakasi, employs over 100,000 workers, 80% ofwhich are to animals, andprovidingfuel andwater. Workers are found to suffer
women. Working conditions in these factories are extremely haz- from a variety ofrespiratory ailments and cancers. Exposure ofthese
ardous. In addition to fires and accidents, dust and vapors from raw women to avarietyofpesticides has beenassociatedwithspontaneous
materials induding potassium chloride, tetraphosphorous trisulfide, abortion, prematurebirths, lowbirthweights, andbirthdefects.
lead tetraoxide, and sand and glass powder are highly toxic and cause Jute and coir industry. Jute is the main trade ofsouthem India
health effects such as eye irritation, sore throat, headache, nausea, and the ropes and twines made there are prized around the world.
vomiting, anddiarrhea. Women in this industry suffer from dermatologic allergies, malaria,
Bidi making. Bidi, a type ofrolled tobacco, is made by women filaria, othervector bomediseases, and chronic respiratorydiseases such
and children in Indian slums to supplement their incomes. Major asbyssinosisfromeposur tojutedustsandfibers.
health problems associated with bidi making are respiratory ailments Electronics industry. The electronics industry employs a large
such as bronchitis and asthma from tobacco dusts and nicotine, number ofwomen ofall age groups including those ofreproductive
burning eyes, conjunctivitis, occupational dermatitis, and "green age. Hazards in theelectronics industryaredue to exposure to ionizing
tobacco sickness" caused by absorption of nicotine by the skin. In radiation, organic solvents, heavy metals such as cadmium and lead,
addition, irregular menstruation, miscarriages, and significant neona- and reproductive toxicants like arsine and phosphine. These women
tal deaths are common complaints oftheseworkers and maybe relat- areshowntoexperiencegreater than normal ratesofspontaneous abor-
ed to tobacco exposure. A recent study showed that bidi rollers in tion, prematuredeliveries, andintrauterinegrowth. Theirchildren suf-
Maharashtra have higher nicotine content in their bloodstreams than ferfromlowbirthweights, menulretrdation, andbirthdefects.
smokers. Nicotine metabolites are also found in livers of these Spice industry. Indiais aworldleader inteproductionofspices. It
women atlevels over eight times higherthan in tobacco smokers. p 2mllin metrictonsofspicesannuallyindingchili,coriander,
Agate and slate indusay. Theagateindustry, ahouseholdindusyin blackpepper,paprika, cnnamon, andparsley. Itis oneoftheoldttrads
the Khambhatregion ofGujaat and its surroundingvillages, employs over elyingwome Respiratoryailmtsprvail intSewomen, andaller-
30,000 people, many ofwhom are women. Agate stones are made into gicrmctons to thespices indud deatologicl,
beadsbyheating chipping,grinding drilling, andpolishing athnfor usein g i inal, andneurologicalproblems.
jewy and other decorative items. Mineral dust, especallysilica produced Sweepers and scavengers. Women
during the stone grinding, causes prnumoconiodis tubulosis, bronchidis, sweepers and scavengers are the lowest in
emplym, pneumonitis, andodterrespiratoyeffects. Slatemakingisatra- India's social castes and the most neglected.
ditionalvileoccupaion. Miningandcut- These "untouchable" women go door to
ring ofstone produces silica dusts and pro- door daily carrying bamboo buckets to haul
longed exposure causes siicosis in slate away garbage and exceta. In addition to the
workersl ills created by extreme poverty, these women
Coffee and tea industries. India is a suffer fromanemia, viralinfections, andvectorbome diseases.
leading producer of coffee and tea and The Government ofIndia has begun to formulate policies and
employs large numbers of women, pri- laws to address the problems of women and children in the work
marily in the application of erlizer and environment. A special cell within the Ministry of Labor seeks to
pesicides, and inharvesting tealeaves and improve working conditions, wages, and skills ofwomen. Under the
coffiee beans. These activities are most often performed without protec- Equal Remuneration Act, state committees advise thecentrl govem-
tive dothing. Harvestng tea leaves results in development ofciss-oss ment on women's employment. In addition, the Department of
pattems offissures in the palms andfingrs ofwomen's hands. Workers Women and Child Development has issued a national perspective
also suffier from otherdermatological effects such as photosensitivity, cal- plan to address issues through the year2000, and the Department of
louses attherootoffingers, andfissuringofthepalm. Science and Technology is supporting research to improve protective
Brick industry. This industry employs rural women who are measures against occupational hazards.
exposed to dust while preparing raw bricks from thick mud paste.
Bricks are fired in kilns usingwood, dried leaves, cow dung, kerosene, Qamar Rahman
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vices in the cities than in the countryside.
For people of lower castes forced into
menial occupations, the anonymity ofcity
life can offer a degree offreedom from the
barriers ofvillage life, note social scientists
Leela Visaria and Pravin Visaria of the
Gujarat Institute of Development
Research.
Furthermore, certain health risks in
rural life have worsened in the past few
decades, including vulnerability to
droughts and floods and poisoning from
agricultural chemicals. As in the cities, lack
ofsafe drinkingwater is a main health con-
cern for rural households.
Indian farmers today use 60% more
fertilizer per hectare than farmers in the
United States, according to Repetto, and
pesticide use has more than tripled in 20
years. The Green Revolution during the
1960s and 1970s, during which agricultur-
al techniques from developed countries
were introduced to India, brought heavy
chemical inputs along with high-yielding
crop varieties. This movement, which has
spread beyond large farms to small land-
holdings, has drawn criticism for encourag-
ing dependence by poor farmers on expen-
sive pesticides and fertilizers to support
exotic cultivated varieties of rice and
wheat. The intense use of chemicals on
are more serious for malnourished children
ofpoor families.
Besides the direct effect on people,
wide pesticide use has endangered wildlife,
induding species offalcons, hawks, osprey,
and lammergeier. Plant species and habi-
tats have been threatened by forest cutting
throughout the country. This is driven by
the growing demand for fuel and the
undermining of traditional rules for forest
use by the colonial legacy ofstate claims of
forest ownership. In the foothills of the
Himalayas, considered by Hindus to be
home to the gods, deforestation has report-
edly caused erosion and siltation of irriga-
tion systems and dam reservoirs.
Village groups in some areas have
countered this trend by reasserting their
control over communal lands. "The most
dramatic environmental work in India has
involved local communities in resource
management," says Agarwal. In the early
1990s, the national government revised its
forest policy, recognizing the failure ofcen-
tralized control and the potential of local
initiatives. Under the new policy ofjoint
forest management, community groups
irrigated lands has increased yields but also
problems of nutrient runoff and toxic
residue. Over two-thirds of the pesticides
used in India (including DDT, aldrin,
methyl parathion, and BHC) are banned
or tightly controlled for health reasons in
other countries. In Punjab, the most agri-
cultural state, studies have found excessive
DDT residue in dairy products and even
mothers' milk-up to 24 times acceptable
levels. Here again, the cumulative effects
Childhood hazards. Child laborers such as ragpickers (left) and glassworkers
(right) are exposed dailyto disease and injury.
scrutiny by nongovernmental organiza-
tions (NGOs). A large World Bank-fund-
ed project to dam the Narmada River in
central India came under fire for its dis-
placement of whole tribal communities,
the potential effects on groundwater and
the spread ofmalaria, and the submersion
of forests. In the re-evaluation, says
Ramachandran, "nongovernmental orga-
nizations are major factors in making the
government sharpen its attention."
Population
At the heart of many of India's environ-
mental problems is the juggernaut ofpop-
ulation growth. "Population growth and
distribution is the number one fundamen-
tal problem for India," says Schambra.
"India is poised to surpass China as the
world's most populous country before the
middle of the twenty-first century," wrote
Visaria and Visaria in India's Population in
Transition, a study published in October
1995 by the Population Reference Bureau
in Washington, DC. And despite the signs
ofa demographic transition to lower fertil-
ity, absolute growth will continue to rise
steadily. India currently grows
by 17 million people each year;
by 2010 this may reach as high
as 20 million.
The rate of growth is far
from uniform. In the 1980s,
states in the more populous
north grew by around 25%,
while the southern states of
Tamil Nadu and Kerala grew
by a relatively slow 15%,
according to Visaria and
Visaria. The signs of fertility
decline lie in these regional dif-
ferences and in a shift toward
an older population (due in
part to falling mortality
rates).
"India appears to be in the
midst of a fundamental transi-
tion to lower fertility and mor-
tality," claim Visaria and
Visaria. In this, "fertility has
declined much faster than pop-
ulation experts at the U.N., World Bank,
and other organizations expected even a
few years ago," they said. The authors cite
declining trends in total fertility rate and
mortality, gradual increases in the average
age at marriage, and a 1993 dip in Kerala
and Goa fertility to replacement level (a
total fertility rate of 2.0 children per
woman, thereby "replacing" both parents
for a net growth of zero). The downturn
appears to be due to delayed marriages,
higher literacy, urbanization, and revolu-
tions in communications and technology,
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as well as India's long-running family-plan-
nling campaign.
The Role ofWomen
The case ofKerala, which appears to be 25
years ahead of the rest of India in this
demographic transition, illustrates the
importance ofwomen's status in reducing
population growth. Where women enjoy
more equal status and access to education,
as in Kerala, they enter child-bearing years
later and use family planning methods
more effectively. Repetto notes that in
Kerala, "women historically enjoyed high
status as artists, philosophers, and poets,"
and power and inheritance are passed
matrilineally, unlike elsewhere in India. In
Travancore, part ofKerala, the female ruler
of Kerala in 1917 decreed free and com-
pulsoryeducation for both girls and boys.
Elsewhere in India, however, a strong
cultural bias favors sons over daughters.
Female children frequently suffer neglect in
terms ofhealth care. A study of male bias
in health care in the Pune district of
Maharashtra in the west, published in a
1994 WHO bulletin, revealed that boys
received health care more often than girls,
and the average amount spent on treat-
ment was also significantly higher for boys.
Beyond lowering fertility, the status of
women is also crucial for improved health
in broader terms. Women bear the brunt
of the worsening fuel crisis, as they are
forced to walk further to collect firewood
for cooking. The added work makes for
chronic fatigue and anemia amongwomen,
and thus may also affect the health ofnew-
born children.
Other Factors in Change
The social and cultural environment play
other roles in India's attempts to grapple
with public health concerns. Nationwide,
primary education is not compulsory, and
government support is focused on tertiary
education, which skews the benefits toward
wealthier families. In rural areas, just 75%
ofboys and 50% ofgirls receive anyprima-
ry education at all. Although progress has
been made in removing the worst effects of
the caste system, its barriers remain in
place for many.
Technological breakthroughs are mak-
ing compliance with environmental stan-
dards more feasible for companies.
Industries, which have often claimed that
they are scapegoats in the public debate on
India's environment, are exploring new
technologies as a way to ease the cost of
compliance with new environmental regu-
lations. One example is a reverse osmosis
plant commissioned by a fertilizer manu-
facturer near Madras. Designed to refine
water out ofsewage, the plant is
expected to reduce the firm's
drain on the city's scarce water
supply by more than 2 million
gallons a day.
In the search for cleaner, cost-
effective technologies, the govern-
ment's easing of restrictions on
foreign investment appears to
help. The experience ofprivatiza-
tion in some Southeast Asian




helps darify the responsibilities of
government agencies as regula-
tors. Private-sector solutions to
environmental problems are the
focus ofexchanges coordinated by
the U.S.-Asia Environmental
Partnership, a program of the
U.S. Agency for International
Development.
NGOs have made important
initiatives in rural resource-relat-
ed problems, but the complexi-
ties ofurban issues have blocked Prisoners
their progress in many cities. education
NGOs lack the technical capaci-
ty to tackle the greater environmental
threats like pollution and fuel quality, says
Agarwal. Unlike forest management issues,
few people understand problems like air-
quality monitoring. In this vacuum, says
Agarwal, "one saving grace has been the
activist role of the courts." In a ruling on
mining in the Dehra Dun hills in the mid-
1980s, India's Supreme Court opened the
way for public interest litigation against
polluters. Recently, the court has ordered
closings of many factories violating envi-
ronmental codes, including hundreds of
tanneries around Delhi and Tamil Nadu.
India also shows signs ofmoving away
from the centralized planning that caused
the deterioration of urban services.
"Evidence shows that success must be built
upon local community organization and
initiative," observed Repetto. "Devolving
responsibilities and resources to local gov-
ernment and nongovernmental organiza-
tions, as India has begun to do, acts on this
principle."
Modern communications are poised to
play a larger educational role. The number
of television sets has mushroomed from
25,000 in 1971 to about 4.7 million in
early 1994, reaching over 90% of India's
people. Television spots on contraception
techniques, hygiene, and family planning
can bypass the barriers ofilliteracy and iso-
lation. An emphasis on entertainment pro-
gramming, however, has kept both public
ofpoverty. Steadily increasing population and lack of
sentence mostof India's children to poverty.
and private broadcasts from fulfilling this
potential, says Agarwal. There are early
signs of both enforcement and education,
but it is still too soon to tell if India will
come to terms with its tremendous chal-
lenges without another prod from tragedy.
"Bhopal was a watershed event" in
creating environmental health aware-
ness, says Schambra. It made clear that
industrialization can involve unwarrant-
ed risks. Greater control over the process
of development, he said, "requires that
people be educated as to the risks, and
that government be diligent in enforcing
environmental regulations."
DavidTaylor
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